Towards Visualizations to Support the Construction of Narratives for Analysis  by Jacobs, Paula et al.
2351-9789 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
doi: 10.1016/j.promfg.2015.07.552 
 Procedia Manufacturing  3 ( 2015 )  5161 – 5168 
Available online at www.sciencedirect.com 
ScienceDirect
6th International Conference on Applied Human Factors and Ergonomics (AHFE 2015) and the 
Affiliated Conferences, AHFE 2015 
Towards Visualizations to Support the Construction of Narratives 
for Analysis 
Paula Jacobs*, Stephanie Kane, Christopher Jones, Michael Farry, James Niehaus 
Charles River Analytics Inc. 625 Mt.Auburn St., Cambridge, MA 02138, United States 
Abstract 
Business, news, financial, and intelligence analysts collect vast amounts of information to compose, reason about, and refine 
hypotheses that are often communicated as narratives. Narrative structure can promote analyst understanding, hypothesis testing, 
and general reasoning about large collections of data. However, narrative-based approaches for collecting and reasoning about 
data available from modern sources (e.g., blogs, social media) must address issues of data overload and data quality to be 
effective. For example, while analysts may be interested in performing forensic analysis of events in foreign countries, it can be 
difficult to identify objective, truthful information from a large collection of data from open sources. While narrative-based 
approaches offer a natural framework to capture this reasoning and communicate findings to others, the mostly manual processes 
of collecting new data, refining hypotheses, and maintaining conflicting and corroborating information places a heavy burden on 
analysts. To address this issue, we designed and prototyped a set of visualization methods that convey key information elements 
(e.g., actors, motivations, relationships), meta-information (e.g., certainty, recency, source), and relationships across information 
elements to help analysts create narrative-based hypotheses. In this paper, we describe key elements for narrative-centric 
reasoning over large data sets and application towards hypothesis generation. We also present examples of our approach to 
support narrative-based hypothesis generation within a visualization framework. Finally, we describe preliminary evaluation 
efforts taken with representative users to assess the usability and effectiveness of these approaches. We anticipate these methods 
will reduce the cognitive workload of analysis and improve the quality of narrative-based hypotheses generated, leading to more 
useful and correct hypotheses in less time. 
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1. Introduction 
Analysts across domains are tasked with processing vast amounts of data and reasoning about connections 
between elements within that data to form and refine and communicate hypotheses. These hypotheses lead to critical 
decisions. These hypotheses are closely linked with narratives, a natural and prevalent form of communication that is 
often more readily comprehended than unstructured text or data alone. Currently, hypotheses are often formed using 
narrative organizational principles and, when completed, are communicated using narratives. A narrative-based 
approach to data analysis and hypothesis construction is one that leverages already existing patterns, leading to 
intuitive detection of issues of cohesion and coherence (see Section 3.2). Even with the strengths of a narrative-based 
approach to analysis, advances in social media and data collection have created an issue of data overload and data 
quality. Large amounts of data are being consumed from open sources and it is crucial that analysts be able to 
identify truthful accounts from false or poorly sourced information. The process of collecting and maintaining data, 
forming hypotheses, and discerning between corroborating and conflicting data is currently a mostly manual one, 
despite the cognitive load it places on the analysts themselves.  In response, we have developed and prototyped a 
narrative-based visualization framework to maintain data, identify corroborating and conflicting information, and 
form hypotheses. In the rest of this paper, we review some of the previous work in this area, present our approach, 
and then discuss our visualizations, prototypes, and expert feedback. 
2. Review of Previous Work 
Numerous functional models of intelligence analysis have been generated and published. Two papers in particular 
are relevant to the topic of narrative construction and analysis. First, Elm et al. (2005) documented a Support 
Function Model (SFM) that defines the essential support functions for intelligence analysis. A ‘closed-loop’ model, 
it is based on the “narrowing” functions of “Down Collect” (the extraction of essential data from the available data), 
“Conflict and Corroboration” (interpreting the findings of the previous function), and “Hypothesis Exploration” (the  
construction of coherent stories that explain the interpretations created in the precious function.), in addition to the 
“broadening” functions that existed between them (revising the down collect function based on results of  Conflict 
and Corroboration, revising interpretations from Conflict and Corroboration based on changes in hypotheses, and 
revising Down Collect based on new hypotheses).  
 
 
 
Fig. 2.: The MSFM from Farry et al. [2]” 
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In Farry, Carlson and Mahoney (2011), the SFM is adapted for use in the Irregular Warfare domain, creating the 
Mutual Support Function Model (MSFM, see Fig 2-1) considering functions of Information Management and 
Decision Selection. This characterization led to an analysis of how assets may be managed to collect relevant 
information, and how analytical conclusions may be tailored to inform particular decisions. Our approach builds off 
of these previous works. Questions are created to guide the analysis via information request selection in line with the 
first function of the MFSM. Section 3 covers the next four functions, choosing and parsing data into narrative 
structures for use in hypothesis exploration, all covered under this framework. Section 4 demonstrates the 
visualizations for hypothesis exploration. While we do not explicitly have capabilities for decision selection outlined 
here, this framework intends to support it. In Section 5, we go into detail regarding our plans for future development 
of hypothesis selection and management tools such as bias detection and a codifying a concept of hypothesis 
completeness.  
3. A Narrative-Based Approach to Analysis 
Our narrative-based approach to data analysis is broken up into two parts. First, Section 3.1 describes our 
methods for presenting and compiling information in a way that is consistent with narrative elements. Second, 
hypothesis generation needs to capitalize on the natural strengths of narratives. Section 3.2 explains how a narrative 
hypothesis highlights potential problems in an intuitive manner. 
3.1. Narrative Foundation for Information Fusion 
Narratives have an advantage over many other forms of information transfer, in that they highlight spatial, 
temporal and intentional information and connect these dimensions together in a readily understandable format. We 
capture these narrative elements in an event structure.  Fig. 3 (a) below shows our event structure and how a single 
event can contain many of these elements, but some events may have none. The idea behind this data structure is that 
events can be created when new data comes in, even if the information is incomplete. Later data sources can create 
new events or be fused with current events to fill in more of the narrative elements. For example, information 
indicating two people of interest met yesterday may have not included why or where they met. This should be stored 
as an event, even though the information is incomplete. Later information may corroborate this meeting or conflict 
(i.e., the people of interest were at public events in different countries all week), at which point the information can 
override the event, combine with the event, or produce a new event with the intent that the event with the least 
amount of corroborating information would be removed at the end of analysis. 
3.2. Hypothesis Generation for Analysts 
  
Fig. 3(a) Event Structure; (b) Event Hierarchy 
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The main strength of parsing data into narrative elements contained inside of an event structure is that an analyst 
can piece together these smaller, data-supported events to construct a larger data-supported narrative. This narrative 
is functionally equivalent to an analyst’s hypothesis, a summary of what the analyst thinks is happening supported 
by data. By stringing together events backed by data, an analyst can construct a narrative regarding what is occurring 
in the data and what might occur next. Fig. 3(b) is a diagram of our event hierarchy, exemplifying the way in which 
events can be also be supported by sub-events. A broad event may contain many more specific sub-events that give 
that event context and validity. This model allows analysts to create broad events with no sources attached when 
building up a narrative (i.e., an event that the analyst believes must have happened), and then support that event with 
sub-events at a later point (i.e., these three smaller events prove that an event of analytical interest occurred in the 
manner indicated by the evidence). In order to ensure narratives aren’t created based on speculative, broad events, it 
is key that the validity of the event, the number of sources, and the quality of sources be apparent to the analyst 
throughout the process at the event level, highlighting events that are still incomplete or less credible.  
Once a narrative hypothesis is being formed, the narrative concepts of cohesion and coherence come into play. 
Coherence, the idea that the narrative should make sense as a whole, is intuitively understood by an analyst. By 
presenting the current hypothesis as a narrative, we bring to light any points at which the story stops “making sense”. 
Cohesion is the idea that events told in succession should overlap in narrative elements in order for the narrative to 
be understood. If there is too much of a difference between successive events, it becomes apparent that an event 
between them is missing, one that could add insight and further validate the current hypothesis.  
4. Visualization Framework  
 
Fig. 4. Most Recent Mockup of our Narrative Visualization Framework Interface 
Based on the needs of the analyst, we designed several mockups for a visualization framework that enables 
analysts to explore relationships between events through different narrative elements. A preliminary mockup for the 
framework involved events being linked through temporal, intention, and entity attributes. This view is most similar 
to the Timeline Structure, explained in detail in Section 4.2. What that representation lacked was the spatial and 
causal attributes that may be hidden in the data, details that the analyst would need to create a coherent and 
comprehensive narrative. To support an analyst’s ability to see the complete narrative structure, another Narrative 
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Tree Structure (see Section 4.1) representation was created that places events chronologically and allowed analysts 
to explore all narrative elements and sub-events associated with an event. Additionally, analysts needed a 
representation that simply summarized the current narrative to further support generation and analysis of hypothesis. 
To do this, a Narrative Summary Structure (see Section 4.2) was created. Finally, our requirements analysis 
indicated that analysts needed a system for manipulating or managing data, a view that was both a “loading dock” 
for organizing incoming relevant data before it was added to working hypothesis as well as a storage tool for data 
already being considered. This was included in the design of our sidebar (see Section 4.4). Fig 4. contains the most 
recent mockup for this framework and includes both data manipulation through a sidebar and data/narrative 
exploration through visualizations in the main view.  
 
 
Fig. 4.2. Current Prototype of the Visualization Framework 
Based on our mockup, we developed a software prototype of this framework (Fig. 4.2). It contains a sidebar and 
the three main visualizations we have focused on so far, which are discussed in detail the following sections. At the 
top of our framework, questions (as PIRs and IRs) are created here to guide analysis, which in turn leads to the 
creation of hypotheses in the row beneath it. We intend for this framework to allow an analyst to maintain multiple 
hypotheses at the same time.   
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4.1. Tree Structure 
 
Figure. 4.5 Narrative Tree Structure 
The Narrative Tree Structure (Fig 4.5) allows analysts to view the events of the narrative in order while allowing 
us to explore all the elements and sub-events that belonged to each event. Within our prototype, analysts can use this 
visualization to add nodes to the tree structure, creating new narrative elements and sub events where needed. These 
nodes do not need to be fully fleshed out, but can be simple placeholders or broad events until more data is available, 
reflecting the iterative nature of analytical exploration.  
4.2. Timeline  
 
 
Figure 4.8 Prototyped Timeline Structure 
The Timeline Structure focuses on the temporal and entity narrative elements. It displays the current narrative in a 
way that shows which entities were involved in which event and which entities where involved in the same event. A 
horizontal line between two events in this view represented a causal relationship between those two events. Two 
nodes in the same vertical space indicate two entities at the same event.  After a few iterations based on preliminary 
usability analysis, event summaries on hover, horizontal linking lines for easily keeping track of an entity across the 
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timeline, and entity color schemes indicating friend, foe, or neutral party were added to make this visualization more 
user friendly.  
4.3. Narrative Summary 
 
Figure 4.8 Narrative Summary 
The Narrative Summary view allows the analyst to see the summaries of each event in order, to determine if the 
overall narrative is coherent or if events need to be moved, deleted, or added in order to make it so. The events 
concatenated here are linked with the event representation in the other views. Editing an event description in the 
Narrative Tree Structure will change the event description in this view. Highlighting was added on scroll-over so 
that analysts could more easily identify each event. 
4.4. Sidebar 
 
 
 
 
 
 
1. Details Panel 
 
 
 
 
 
 
 
 
 
 
 
 
2. Indicator Settings 
 
3. Workspace Elements 
Navigator 
Fig. 4.3. Sidebar details; (a) Details Panel; (b) Indicator Panel; (c) Workspace Elements Panel 
The Sidebar includes a Details Panel, an Indicator Panel, and a Workspace Elements Navigation Panel to further 
control the data in the visualizations. The Details Panel exists to give analysts access to the source information, sub-
events, and any related narrative elements of the selected node in any of the narrative visualizations in the main 
view. The Indicator Panel allows the analysts to keep track of indicators, tools analysts use to look for patterns, and 
create more of them. An event can be associated with a particular indicator using the Details Panel. Finally, the 
Workspace Elements Panel gives the Analyst a way to view and manipulate a library of current narrative elements, 
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even those that may have not yet been added to any visualization. Here they can store data they know is important 
but may have not found a place in the narrative to include it just yet. 
4.5. Preliminary Feedback 
This software was demonstrated for analysts at joint agency exercise, and analysts were asked to perform 
heuristic analyses and cognitive walkthroughs for specific analytical use cases. At the event, the narrative summary 
received particular feedback from analysts, as it is quite similar to the summary analysts already create to send off in 
reports. Being able to copy and paste this auto-generated text rather than writing their own would save them time 
and effort. The indicator management on the sidebar was also pointed out as being particularly useful, as indicator 
tracking is currently done mentally, meaning this information could get lost during a change in shift or if the work is 
picked up again later.  
Suggestions for improvements to our narrative views included filtering and sorting capabilities in the timeline and 
tree structures. In the tree structure, if one could make an entity the root rather than the hypothesis, the tree would 
then serve the alternate function of showing only events that entity was a part of. Geospatial and social network 
representations of the narrative were also requested, indicating the need to further support for more specific 
narratives that are based around locations or individuals. 
5. Future Work  
Our future work involves adding new capabilities for hypothesis selection and management, as well as iterating 
over and creating more visualizations that leverage the power of narratives by specifically focusing on individual 
narrative elements for increased analyst awareness. Our hypothesis management tools require creating and 
implementing metrics for bias detection across narratives and designing metrics for how complete a particular 
hypothesis is. Future iterations of our current views need to explicitly point out errors in cohesion and indicate 
visually to what degree events are complete and well sourced within our current prototype. Our Workspace Element 
Navigation Panel needs to work with a prototyped Narrative Data Fusion component that highlights corroborating 
and conflicting information.   
Future visualizations within our Narrative Visualization Framework will include a geospatial and social network 
view as suggested by analysts, but also card layouts for viewing individual entity information and exploring 
intentions. A geospatial view would allow an analyst to track different narratives spatially, perhaps in combination 
with temporally or with regards to one entity. This could give insight into the countries an entity has allies in, how 
their travel in the past month coincided with other events, and so on. A social network view will link entities to other 
entities using mutual event involvement or shared narrative elements. Card layouts would allow analysts to see 
detailed information “cards” about each narrative element, sorting them using different user defined metrics and 
creating “decks” as an organizational tool.  
Keeping in mind the SFM and MSFM as we develop, we will do further analyses to measure the performance of 
this framework and continue working toward a narrative visualization framework that is capable of handling large 
amounts of data and suite of analyst-minded visualizations of currently evolving narratives. 
References 
[1] Elm, William, et al. "Finding decision support requirements for effective intelligence analysis tools." Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting. Vol. 49. No. 3. SAGE Publications, 2005. 
[2] Farry, Michael, Eric Carlson, and Samuel Mahoney. "The Mutual Support Function Model A Cognitive Model for Intelligence Analysis 
Supporting Irregular Warfare." Proceedings of the Human Factors and Ergonomics Society Annual Meeting. Vol. 55. No. 1. SAGE 
Publications, 2011. 
[3] Zwaan, Rolf A., Mark C. Langston, and Arthur C. Graesser. "The construction of situation models in narrative comprehension: An event-
indexing model." Psychological science (1995): 292-297. 
[4] Niehaus, James, et al. "A Flexible Framework for the Creation of Narrative-Centered Tools." 5th Workshop on Computational Models of 
Narrative. Eds. Mark A. Finlayson, Jan Christoph Meister, and Emile G. Bruneau. 2014. 
 
